Introduction
Public and private support of costly clinical research is a worthy investment only to the extent that diagnostic or therapeutic discoveries are applied to the appropriate patient during routine clinical care. Unfortunately, a large body of literature documents that many life saving therapies are not applied to patients who should benefit from their use. This 'quality chasm' has been observed in ambulatory practice, acute care wards, and in intensive care units. Recognition of this gap in the 1990s has led to a new research discipline termed implementation science, dissemination research, or T2 translational research [1 ] . This new science seeks to understand the reasons for slow or incomplete application of beneficial interventions and to develop processes and methods that speed up adoption of this research knowledge into best practices at the bedside.
Purpose of review
Few would disagree that evidence from clinical research should be brought to the bedside in an efficient and equitable manner. Unfortunately, this common agreement does not result in practice change at the bedside where delayed and variable implementation is common. Recognition of this gap has resulted in a new discipline called implementation science that seeks to understand the reasons for slow adoption of clinical therapeutics and to discover effective strategies that accelerate practice change. This article reviews implementation theory and strategies and their effectiveness and relevance to critical care.
Recent findings
The absence of a proven effective framework for implementing clinical practice change has resulted in a patchwork of interventions in ambulatory and acute care medicine. There is an increasing appreciation that interventions should be undertaken only after careful, theory-based examination of the source and strength of the evidence, the organizational and professional context in which the change will be made, and the availability of facilitating methods. Barriers to implementing sepsis management programs have been identified and, in some cases, overcome. Summary Changing clinical practice is sometimes as difficult as the basic science and clinical trials work that led to the discovery of beneficial therapies. Investigators are now beginning to develop and test more theory-based implementation models that are relevant to the clinical environment. A proportion of the resources used in developing an ICU guideline or protocol must be dedicated to the implementation strategy for successful adoption. ICUs are ideal organizations to test new approaches in implementation science. Intensive care professionals should insist that their practice environment have both a culture that is supportive of adopting new practices and adequate resources to implement them into patient care.
Keywords best practice, critical care, guidelines, implementation science, quality improvement, translational research rigor. A similar skepticism arose in the 1990s during the ascent of meta-analyses, clinical evidence hierarchies, and grading of study performance. Fifteen years later, the advantages and limitations of these methods are more widely known; a similar gradual understanding of implementation science also is likely to occur over time. Currently, data synthesis and guideline production is a task dominated by medical content experts, usually academicians chosen for their knowledge of the field. These guideline creators may believe that when their 'product' is published, the most important work is done. We now know that the work has just begun when the guideline is developed. Training future 'implementation experts' in both a traditional clinical field (e.g., medicine, pharmacy or nursing) and a few of the disciplines mentioned above should be a priority of every national healthcare system.
Implementation methodology
Observational and qualitative research has identified factors that predict slow adoption of new knowledge. Changes in practice that are less likely to be implemented include those that require repeated effort without rapid evidence of improvement apparent to the user; demand information retrieval not immediately available at the time of decision making; contradict the clinician's experience; substantially prolong the patient encounter; appear to inconvenience the patient or make them appear more ill; or have an insignificant effect on patient outcome [2, 3] . A more recent report that emphasized the psychosocial process in translating trial data into clinical care concluded that changing physicians' behavior requires greater appreciation of physicians' work patterns and motivations [4] .
Over the years, hundreds of intuitive, common-sense implementation studies have been conducted, yet there are few consistent theoretical insights explaining why different implementation techniques have been successful or failed. A meta-analysis combining 20 years of implementation studies documented that the studies often used poor quality methodology and frequently included multiple change techniques at once [5] . Surprisingly, no association was found between the number of change techniques and the overall outcome. The authors concluded that there was a general hierarchy of effectiveness by individual intervention type: reminder techniques improved performance by 14.1%; educational materials by 8.1%; audit and feedback by 7.0%; and, least effective, educational outreach improved performance by 6.0%. Despite their relative anemic benefits, these types of interventions remain popular in implementing research results to bedside care. For instance, the following three proposed projects plan to test the effects of single or multiple change techniques on clinician behavior:
(1) McAlister et al.
[6] will conduct a randomized trial comparing two communication interventions in physicians whose patients were found to have coronary artery disease after catheterization. One physician group will receive a faxed catheterization report accompanied by a 'best practices' document signed by a local opinion leader. The second group will receive the same information without the opinion leader's signature. (2) Acolet et al. [7] proposed a trial to compare the effects of an active and comprehensive intervention in neonatal ICUs (e.g., training local clinical and staff leaders in management change techniques) with those of no intervention with the primary outcome being appropriate use of surfactant and temperature control after delivery. (3) The 'Study of knowledge translation of clinical practice guidelines for ventilator-associated pneumonia' project is being conducted by the Canadian Clinical Trials Group [8] . This nonrandomized, time-series observational study design will evaluate the influence that adding a local opinion leader to an educational strategy and a reminder system has on the use of ventilator-associated pneumonia (VAP) guidelines and VAP incidence rates.
Other studies are using standard educational interventions but present the information in a contemporary format; for example, 'Evaluating a Web-based ventilator management educational program for clinicians: The Lung Injury Knowledge Network Study' [9] .
Some researchers believe that more investigation into the basic science of knowledge translation is required before testing interventions. This drive to create models or theories that explain results of empiric studies can be seen as the maturing of implementation science [10 ] . It is akin to the well accepted imperative of biomedical research to conduct fundamental research on disease such as cancer, sepsis, or inflammation because this detailed understanding of disease mechanisms serves as the foundation to develop truly effective therapies. For example, Eccles et al.
[11 ] surveyed general practitioners on their management of sore throats and modeled the likelihood of their prescribing antibiotics based on six different psychologically based fundamental models of human behavior. Then a randomized intervention study [12] was designed to specifically change the beliefs identified in the prior study as antecedents of the intent to prescribe antibiotics. Thus, the theory and modeling strategies for behavioral change can be viewed as analogous to the standard pharmaceutical pathway leading from a preclinical study to a phase 1 trial.
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Alternative implementation methods
The relatively weak effects of common interventions such as education, reminders, audit, and feedback have led investigators, funding agencies and payers of medical care to test alternative implementation strategies. For instance, the effect of financial incentives paid directly to providers is being tested in a trial of blood pressure control [13] . There is evidence that financial incentives to hospitals are associated with improved care for specific conditions compared with an outcome reporting system without financial rewards [14 ] . Public reporting (usually legislatively mandated) of outcomes such as mortality or complications would be predicted to motivate institutions to improve their care. However, in coronary artery procedure reporting, there may be unintended consequences such as reluctance to treat high-risk patients or 'gaming' of the severity of illness-adjustment methodology [15] . There has been an improvement in overall mortality in these procedures over the last decade, but the extent to which this has been caused directly by the reporting requirement is unknown. Other implementation methods in critical care that may be attractive to critical care teams are peer-institution voluntary programs that combine development and implementation of best practices with a research agenda [16 ,17] . A novel intervention that likely would not work well in the ICU was to give a clinical guideline to patients and empower them to notify their doctor if their care were not optimal [18] .
Other motivators of implementation that have not been well evaluated in the peer-reviewed literature include legislative mandate, organizational accreditation, medical staff credentialing, medical license, or specialty-certification renewal.
Limits to generalizing implementation science
When an intervention 'works' in an implementation study, it is often difficult to determine the generalizability of the 'active ingredient' that aims to change clinician or organizational behavior. For example, a review of the effectiveness of various implementation strategies on pediatric conditions could not offer substantial insight into why specific interventions were successful thereby deepening the understanding of models for change [19] . Similarly, readers cannot easily judge whether an intervention was successful because it overcame the barriers specific to that practice environment or if it would have been effective in overcoming the same obstacle in all practices. Although conceptually appealing, it is not clear that targeting an intervention against a 'barrier' identified in a preimplementation assessment leads to improved outcomes compared with a nontailored strategy [20] .
In intensive care units, numerous obstacles to implementing specific effective therapies have been described. In a survey study, Carlbom and Rubenfeld [21 ] described barriers to implementing a sepsis resuscitation protocol: lack of staff and equipment; lack of skilled practitioners to perform central venous catheterization; difficulty in identifying appropriate patients; lack of personnel time to develop the protocol; or perception that there was not a pressing need to protocolize care. How similar barriers were overcome at three institutions that implemented sepsis resuscitation protocols in their emergency rooms has recently been described [22 ] . Key components identified across the institutions included identification of a team of champions who affected culture change, an organized approach, upfront training and ongoing troubleshooting of problems. Kahn et al. [23] identified the barriers to implementing intensivist coverage of intensive care units: possible loss of current physician autonomy and their income, extra cost to the hospital administration, and lack of organizational leadership as indicated by a low rate of an identifiable ICU medical director.
Obstacles to implementation can be classified into behavioral/professional role, organizational, and economic factors. All of these barriers are likely relevant as demonstrated in a structured review on the effects of organizational strategies to implement change within clinical environments [24] . The authors concluded that professional performance was improved by revision of professional roles and computer systems that improved knowledge management. Improved patient outcomes were associated with integrated care services, multidisciplinary teams, and investing in computer systems. In implementing protocols in patients with sepsis or respiratory failure, one can conclude that successful implementation requires a decrease in professional role differentiation, greater collaboration across the continuum of care as seen from the patient's perspective, and the use of computers to monitor or even direct care, as suggested by Morris [25] .
In fact, as physicians' professional roles will have to change for successful implementation of some ICU protocols, nursing roles may be affected also. Implementing multidisciplinary protocols like ventilator weaning or sedation management is a more complex endeavor because of clinicians' differing educational experiences, professional culture, and comfort with evidence-based practice. For example, knowledge of research findings and acceptance of their validity may be a necessary antecedent for physicians to change their behavior; however, awareness of primary research data may be less important for other professionals (e.g., nurses or respiratory therapists) to adopt new practices [26] .
Implementation science and human factors engineering
A likely barrier to adoption of new processes in the intensive care unit is that the work environment is often not conducive to quality or efficient care. Factors such as the physical layout of the unit or the social processes that affect communication and knowledge acquisition can impair current practice making any substantive changes even more formidable. The scientific field that evaluates and recommends interventions in the clinical work environment is called human factors engineering. It is a discipline rooted in industrial processes that demand efficiency and safety. To a human factors analyst, an intensive care unit is conceptualized as a work system with interacting persons who perform tasks using tools and technologies within a physical environment operating within organizational conditions [27] . Poorly designed results reporting or clinical monitoring systems; excessive noise and distracting work environments; and missing or long waits for equipment can affect caregiver performance, which, it is hypothesized, has direct deleterious effects on patient outcomes. For instance, some of the barriers to efficient ICU nursing care such as distractions from family members would likely be exacerbated when nurses take on more responsibilities for implementing protocols such as daily sedation reduction, oral care to prevent pneumonia, or tight glucose control [28 ] . Family members' desire to communicate with nurses could distract nurses during frequent glucose monitoring when an error could harm the patient, and, conversely, nurses who are busy completing protocols will have less time for family communication, which is a major responsibility of their profession.
Conflict of interest in guideline development and implementation
Stories of guideline development and implementation strategies have occasionally overshadowed the guideline's actual content. A survey by Shea et al. [29] showed that physicians may not use guidelines because the guidelines fail to consider patient comorbidity. The survey also showed that physicians were concerned about bias in guideline developers arising from the influence of entities with a financial stake in the guideline and its implementation. An opinion piece on the Surviving Sepsis Campaign and its accompanying guideline suggests that this is a potential concern for critical care [30] . Another development, the 'entrepreneurial guideline,' in computed tomography (CT) screening for coronary artery disease raises important questions about which organizations are qualified to produce and disseminate guidelines [31, 32] , a situation anticipated by Rosoff [33] who has called for a federal-certification process for guidelines.
Business models of change and implementation science
As has been presented, implementation science in the medical system uses tools unfamiliar to many clinicians. The service and manufacturing industries, however, have been implementing 'best practices' for a much longer time than the healthcare industry. The highly competitive business world, in which success is dominated by the unambiguous 'outcome' of earnings and profit, has led to the proliferation of innumerable systems of organizational change and implementation. Although there are no comprehensive surveys that estimate the prevalence of business-derived process improvement philosophies within medical care, two change models appear to be readily adopted (albeit with modifications) by medical organizations: six sigma and lean enterprise. These strategies are usually less concerned with introducing 'known' successes from outside the organization (e.g., implementing a tight glucose control protocol derived from a randomized trial) than in identifying and eliminating patterns of inefficiency, waste, error, or unnecessary variation within the organization. Nevertheless, it is likely that many changes within intensive care units will be directed by some variation of these two methods.
These methods teach that although universal archetypes of inefficiency exist, they are often unrecognized within the organization until there is a concerted effort to find them. The six sigma approach suggests that detecting unwanted variation within narrowly defined and precisely measured sub-processes will improve outcome. This is because workers can statistically detect an 'out-of-control' measure embedded within a multistep process and fix the problem quickly. The term 'six sigma' refers to the goal of reducing defects to a very low level. The statistical theory that defines the normal distribution (bell-shaped curve) states that approximately 5% of data lie outside the boundaries of two standard deviations (s or sigma) of the mean. A manufacturer might consider that 5% as error or defect rate. Six sigma implies an error or defect rate of only 0.0000002%-certainly an ambitious goal for an intensive care unit. Although the data-intensive six sigma approach might appeal to the scientific nature of physicians, many clinicians do not appreciate conceptualizing patients as widgets or collecting the number of data points needed to detect statistically meaningful trends which can take a long time and often requires expensive data extraction from medical record systems.
The lean method was initially derived from the Toyota manufacturing system, though it has spread far beyond its automobile roots as suggested by the title of a recent commentary on quality improvement in healthcare [34 ] . Lean theory suggests that elimination of waste and inefficiency increases the value of each step or person
The science of implementation Weinert and Mann 463 who works in an integrated process. For example, professionals and staff who work in the ICU are brought together to find the inefficiencies in a selected process ('value-stream mapping' of the ventilator weaning or sepsis resuscitation process). They modify personnel roles, equipment or therapies so they are available at the right time for the patient who needs it but not any longer than necessary. The process is then reexamined to detect and eliminate inhibitors of service flow to the patient. This visualization of the patient care process and drive toward simplification is attractive but sometimes frustrating when the team identifies inefficiencies that are not within their power to remove.
Conclusion
The problem of slow adoption of new therapies that are beneficial to patients has been clearly documented. Interventions to improve adoption have historically proceeded from an empiric framework. Investigators are now beginning to develop and test more theory-based implementation models that are relevant to the clinical environment. As a practical matter, some proportion of the resources used in developing an ICU guideline or protocol must be dedicated to the implementation strategy for successful adoption. ICUs are ideal organizations to test new approaches in implementation science for several logistical reasons: they are geographically compact; ICU practitioners are familiar with measuring quantitative outcomes; multiprofessional practice and team work are common in ICUs; and the high prevalence of serious and expensive illnesses gives both clinical and economic justification for ongoing quality improvement efforts. Intensive care professionals should insist that their practice environment have both a culture that is supportive of adopting new practices and adequate resources to implement them into patient care.
Kitson AL, Rycroft-Malone J, Harvey G, et al. Evaluating the successful implementation of evidence into practice using the PARiHS framework: theoretical and practical challenges. Implementation Sci 2008; 3:1. doi: 10.1186/1748-5908-3-1. This is a conceptual article that presents a framework for approaching knowledge translation. The authors suggest that successful implementation is represented as a function of the nature and type of evidence, the qualities of the context in which the evidence is being introduced, and the way the process is facilitated. . This is an analysis of US Medicare data demonstrating that providing financial incentives to hospitals increases quality measures 2.6-4.1% above public reporting without a financial incentive. Although there will be debate about the extent to which the quality measures reflect best clinical practice, this large Medicare 'ranking of quality' initiative is an unmistakable sign that governments and private payers will demand evidence of quality and efficiency.
